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THE HUMAN HAIR CYCLE*
ALBERT M. KLIGMAN, M.D., Pn.D.
The stages in the hair cycle of the common
laboratory animals are known precisely and have
been adequately illustrated. (1). By contrast,
though the main pattern is appreciated in
humans, that remarkably plastic period when a
growing hair transforms into a resting one has
been only sketchily described and pictured
meagerly. The purpose of this paper is to fill in,
at least partially, this gap between anagen and
telogen, the brief regressive epoch of catagen. I
In the lucid writings of F. Pinkus may be
found substantial accounts of the human hair
cycle seen through the eyes of the dermatologist-
anatomist. (2, 3). Montagna's splendid book
deals exhaustively with comparative anatomy
and histochemistry. (4).
Human Catagen: The source of the present
observations was over 200 serially sectioned
biopsy studies from the scalps of normal indi-
viduals of all age groups and both sexes. In suhc
FIG. 1. Eighteen hours after injection of 0.2 ml. of 0.1% colchicine solution into scalp. There are
numerous arrested and deformed mitotic figures well above the critical line in the superior bulb.
shall deal less with anatomical details than with
the interpretation of patterns of change. These
normal dynamics provide the basis for under-
standing how the follicle behaves in diseae. This
will be the subject of a forthcoming account to
which this paper is the preface.
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material, it is a matter of fortune to catch a
follicle in the brief transition between anagen
and telogen. Owing to the fact that the scalp
hair grows for many years and rests briefly for a
few months, the overwhelming majority of the
follicles will be in anagen and practically all the
rest in telogen. Catagen probably occupies two
to three weeks, a trivial portion of the life cycle.
This estimate is based on observations of catagen
provoked by experimental insults, X-rays,
.1
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FIG. 2. Toluidene Blue X189.
Fio. 3. H and E X150.
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FIG. 4. Over-all view of mid-catagen. (The separation of the connective tissue sheath is an artifact)
H and E X166.
thallium, etc. In the mouse, catagen takes two
days of an approximately twenty-thirty day
cycle.
The actual approach to human catagen is
probably not so abrupt as in the mouse for it is
heralded by a gradual thinning and pigment
lightening to be seen grossly at the base of the
hair shafts. From these signs, the experienced
observer can often detect telogen scalp hairs
without plucking. During this tail-end of anagen,
I have not seen histologic changes which could
reliably intimate the oncoming catagen.
Auber (5) divided the hair bulb into a superior
and inferior portion by a "critical" line drawn
through the widest portion of the papilla. Below
this level the cells are undifferentiated. Chase
(1) and Montagna and Chase (6), perhaps basing
their conclusions on studies in the mouse, find
that there are practically no mitoses in the
superior bulb and that cell divisions occur
mainly in the lower portion. According to them,
the portion below the "critical" line is the true
matrix and is the chief, if not the only, source of
keratinized hair cells. In my opinion, the superior,
no less, than the inferior portion is also part of
the matrix. Direct observation strongly suggests
that the cells over the apex of the papilla form
mainly the hair cortex, while the cells of the
inferior bulb stream out to the internal root
sheaths. More convincing data were provided
by locally injecting five adult scalps with 0.2 ml.
of 0.1% aqueous colchicine solution. In biopsy
FiGs. 2 and 3. Presumptive Ctub Formation The bulbous presumptive club (p.c.) of partially keratin-
ized cells is sharply separated from the short undifferentiated epithelial column (e c.) on which it sits.
The bulb is involuting and its narrow sides are being retracted, increasingly uncovering the papilla
from below. The external root sheath (e.s.) has mostly degenerated below but surrounds the sides of
the presumptive club.
In Figure 2, the lateral part of the epithelial strand seems to derive from the involuting external
root sheath and the central core from the undifferentiated matrix over the papilla. The vitreous mem-
brane (v.m.) is already thickened as is the outer connective tissue sheath. Elongation of the epithelial
column will push the presumptive club outwards.
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FIG. 5. A later stage showing thickening of the vitreous membrane and the almost complete liberation
of the papilla which appears stalked. H and E X408.
specimens taken 6—18 hours later, arrested
mitoses were frequent and were to be found as
much in the upper as in the lower bulb. (Figure
1.) I hold, then, that the matrix occupies the
entire bulb.
Although the "critical" line does not form the
upper boundary of the matrix, it does indeed
demarcate the position of the melanocytes.
These are situated entirely over the apex of the
papilla in the superior bulb. Because of their
large size, intense melanin synthesis and lux-
uriant dendrites, it is easy to imagine that they
form almost a solid row over the papilla with no
matrix cells interposed. The probability is that
the matrix cells are merely obscured by the
extravagant, deeply pigmented melanocytes.
Because melanocytes are numerous and divide
infrequently, it may well be that there are
somewhat fewer mitoses in the upper than in
the lower bulb.
The Dynamics of Cata yen: Catagen is a process
of bulbar involution. Loss of cells begins in the
inferior bulb from below and results in thinning
out of the matrix along the sides of the papilla.
The thinned epithelial sheet retracts upwards
so that the lower papilla, especially the narrow
isthmus connecting with the dermis, is no longer
covered with epithelium, forming a kind of
stalk.
The melanoeytes undergo involution concomi-
tantly with the bulb. Melanin synthesis ceases,
the dendrites are resorbed, and for all practical
purposes they take on the appearance of in-
different epithelial cells, indistinguishable from
matrix cells. They will persist in this inactive
unrecognizable form until the next hair genera-
tion.
Two alkaline phosphatase stained follicles
were observed in very early eatagen. The pen-
bulbar capillary plexas seemed normal. Catagen
is patently not initiated by disorganization of the
blood vessels, though it has been a favorite
speculation to attribute bulbar involution to
attrition of the blood supply. *
* Richard Ellis of Brown University will have
much more to say on this subject as well as giving
a detailed histologic analysis of eatagen. His
material was presented at the Conference on Hair
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FIG. 6. The presumptive club has moved farther upward owing to elongation of the epithelial column.
It is now about 50% keratinized. Only the peripheral anchoring cells have not become completely ker-
atinized.
To say merely that catagen is characterized
by cell loss is to overlook a quite fundamental
organic change which has perhaps not been
sufficiently accented. The regressive process is
not simply one of cell dissolution but of dediffer-
entiation. Not all the cells of the matrix de-
generate and disappear. Perhaps Montagna
overemphasizes the completeness of the degen-
erative process when he says, "The entire lower
half of the follicle is a transient structure which
must be formed anew from the outer sheath at
the onset of each hair generation." (6). From
the very start, there are surviving cells which
give up the special function of keratin synthesis;
instead they persist as indifferent epithelial
cells, collecting into a short column above the
papilla. It is particularly the cells of the superior
matrix which form this highly characteristic
undifferentiated epithelial strand. Whether the
strand arises by multiplication of indifferent
cells or is merely a regrouping of surviving cells
has not been determined. I incline to the former
view since the column will elongate considerably,
probably through addition of cells. No mitoses
have been seen however. The epithelial cells of
the epidermis and adnexa quite clearly have this
habit of dedifferentiation ingrained in times of
crisis. An example comes to mind in the replace-
ment of the sebaceous gland by undifferentiated
cells following certain insults, notably derma-
brasion and in the repair of surface wounds. (7).
OBSERVATIONS
Those cells which have already embarked upon
keratinization at the moment the signal for
catagen arrives become quite clearly demarcated
from the milieu of surrounding cells. These
partially keratinized cells form a bulbous en-
largement, the presumptive club, the cells of
which will indeed become completely cornifled
in the formation of the club hair. At this stage
the presumptive club is just above the papilla,
Growth and Hair Regeneration—New York
Academy of Science, January 31, 1959, the Pro-
ceedings of which will appear in book form.
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FIG. 7. II and E X152.
FIG. 8. X112.
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Fio. 9. Shortening of the epithelial strand and beginning migration of liberated papilla upwards,
leaving a streamer of collapsed fibrous connective tissue sheath below. The thickened vitreous mem-
brane resorbs by the time shortening is well under way. H and E X140.
sitting on a short epithelial strand. (Figures
2, 3 and 4).
The lower portion of thc external root sheath
also participates in the regressive process. Most
of its cells disappear; but here too, some appear
to survive, become undifferentiated, and fuse
into the epithelial column. These lining cells
tend to be at right angles to the long axis of the
column. All the cells in the column, whether in
the central core mainly from the dedifferen-
tiated matrix, or in the outer lining from the
external root sheath, soon come to be identical
morphologically and functionally. The generation
of the next hair cycle is the assigned biological
mission of the epithelial strand. Whereas Mon-
tagna (6) considers it to derive wholly from the
external root sheath, I aver its dual origin. From
a functional viewpoint, the source or sources is
of no consequence whatever. In a score of ways
Montagna has brilliantly demonstrated the
FIGS. 7 and 8. Maximum elongation of the epithelial column. The club hair is now mature, having
become fully keratinized during the upward journey. The enormous thickening of the vitreous mem-
brane has caused the epithelial strand to pucker and corrugate.
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pluripotentiality of adnexal epithelium. Even if
the matrix degenerated completely, the epithelial
strand would then derive from pluripotential
external root sheath cells.
From the very onset of catagen, a change
takes place in the follicular connective tissue
sheath which reaches spectacular proportions.
The vitreous or glassy membrane, normally quite
wide in the region of the bulb, thickens enormousty.
This is apparent the moment the bulb begins
to undergo involution, so much so, that the
lowest power scanning of the section enables this
stage to be recognized at a glance. The thickening
proceeds from below upwards, forming a broad
eosinophilic hyaline band enclosing the strand of
undifferentiated epithelial cells and the papilla.
(Figure 5). As a matter of fact, the whole con-
nective tissue sheath thickens, but the huge size
of the vitreous membrane eclipses the enlarge-
ment of the outer fibrous sheaths.
The epithelial strand lengthens continuously
from its inception, finally extending all the way
from the papilla to just below the insertion of
the pilary muscle. (Figure 6). This great exten-
sion appears to be a result of multiplication of
undifferentiated cells; real proof would require
the demonstration of mitoses. Even though this..
column is strikingly long, Montagna is right in
emphasizing the great loss in volume of the lower
hair follicle. Occasionally, little whorls of semi-
keratinized cells are found in the extended
column. The thickened vitreous membrane
keeps pace with the elongating column so as
always to encapsulate it. As the column elongates,
the presumptive club, embedded in its apex is
carried upwards. Its cells keratinize as it ascends,
complete keratinization, that is mature club
hair "formation "being attained when it reaches
its final position below the pilary muscle. (Figures
7 and 8).
The question of the "ascent" of the club has
been the source of much argument. Garcia
(quoted by Pinkus, (1)) was the first, to suggest
that it is simply pushed upwards by the elongat-
ing cell column beneath it. Segall holds the same
view for the guinea pig. (8) Others (9) have
thought that the thickened vitreous membrane
squeezes it upwards, kind of an operation boot-
strap. Montagna renounces both views, believing
instead that the ascent is brought about by the
orderly degeneration of the cells in the epithelial
strand beneath it. As is often the case in such
controversies, the conflict arises not out of
contradictory observations, but failure to define
one's terms explicitly. In this instance, awareness
of the presumptive club in contrast to the
mature, fully keratinized club is the real issue.
In my opinion, the elongating column pushes
the presumptive club before it. The follicle does
not decrease in length during this stage; its
lower portion is replaced by the epithelial strand.
The ascent of the presumptive club is not due
to loss of cells but to cell increase in the epithelial
column. By the time the nuclei in the keratinizing
cells of the presumptive club have completely
disappeared, the now mature club has practically
reached its uppermost position. If by the club
one means the fully keratinized club, then there
is really no ascent. This is the view of Montagna
and Ellis and I concur in it. The club reaches
maturity in its final position. It is only the
presumptive club which ascends.
It is easy to understand how the great thicken-
ing of the vitreous membrane might be thought
to exert the force necessary to squeeze the club
upwards. This thickening is so great that it
actually becomes folded or corrugated, causing
corresponding puckering and folding of the
epithelial column, as if a purse string had been
drawn. (Figures 7 and 8). The corrugation of the
epithelial column is variable in degree and
regularity, sometimes the sides merely undulate
slightly, or contrariwise bulge out asymetrically.
It is after the ascent of the presumptive club
and its complete keratinization that there is an
orderly loss of cells in the epithelial strand.
(Figure 9). The strand therefore, shortens pro-
gressively from below upwards being followed
faithfully by the liberated papilla which migrates
upwards always in close proximity. The papilla
is now a compact ball of cells, completely free,
and separated from the epithelial column by a
narrow space. The column finally reduces to a
little nipple, the secondary germ, below the club.
(Figure 10). The follicle decreases to about a
third of its former length. The secondary germ,
a short strand of undifferentiated cells, is for
practical purposes, similar to the primary germ
which develops in fetal life from the epidermis.
As the epithelial column shortens, the space it
formerly occupied is filled in by the connective
tissue sheath, which collapses. The collapsed
sheath is seen as a streamer of connective tissue
extending downward from the base of the papilla.
It is really an elongated, fibrous sac which will
again be invaginated by the next hair generation
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FIG. 10. Telogen: The epithelial strand has reduced to a little nipple, the secondary germ (s.g.).The papilla is a little ball of cells just below. H and E X60.
maintaining thereby the original spatial relation-
ship of the follicle. A leash of well developed
capillaries runs throughout its long axis; thus at
no time during catagen or telogen is there ana-
tomic loss of vessels. I could not verify Pinkus'
observation (3) that the papilla as it moves up-
ward invaginates the lower end of the connective
tissue sheath so that it becomes reduplicated on
itself, having half of its original length. Changes
in the connective tissue streamer and its vessels
Are extremely important in the analysis of hair
follicle pathology.
As the column shortens, the enormous glassy
membrane begins to disintegrate and is progres-
sively resorbed. By the time the secondary germ
forms, the vitreous thickening is nowhere to be
found. Thus enters telogen, the resting stage.
The dissolution of the vitreous membrane is a
capital sign that the epithelial column is shorten-
ing not lengthening.
The formative events of the next hair cycle
are well known and need not be labored
here. Suffice it to say, the secondary germ begins
to elongate by cell division, growing downwards
in the collapsed connective tissue sheath. Another
elongated epithelial column forms in the reverse
direction. As it does so, the lower end becomes
invaginated by the papilla giving rise to a new
bulb which soon redifferentiates into the multi-
farious keratinized cell lines characteristic of
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anagen. The internal root sheath differentiates
first, the spearhead of the developing hair.
As a general didactic formulation, one may
epitomize the reformation of an active follicle
from the secondary germ by stating that the
embryonal pattern is recapitulated. The process
essentially resembles the formation of a hair
follicle by the primary fetal germ, except for the
differences presented by H. Pinkus in his master-
ful exposition of the embryology of the human
hair follicle. (10). Summarizing, catagen is a
regression of the lower follicle to a state resembling
the embryonal epithelial germ, a pattern which is
repeated over and over again at the end of each
cycle.
DIsCUSSION
The highlights of human eatagen are involution
of the bulb, epithelial strand formation, the
escape of the papilla and the signal hallmark,
the enormous thickening and folding of the
vitreous membrane.
We shall see in the forthcoming account which
deals with pathological reactions of the human
hair follicle, that the events of normal eatagen
are often closely mimicked whenever the insnlt
is great enough. The precipitation of catagen is
one of the most characteristic ways in which the
follicle reacts to severe stress.
SUMMARY
The pattern of change in human hair follicle
eatagen is described. The strategy is one of
regression to a state resembling the primary
epithelial germ.
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